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Aims In accordance with current guidelines, patients discharged after acute myocardial infarction (AMI) are usually prescribed
agents acting on the renin–angiotensin system (ACE-I/ARB). However, adherence to prescribing medications is a re-
cognized problem and most studies demonstrating the value of adherence were limited by their non-randomized design
and by ‘healthy-adherer’ bias. Herein we sought to evaluate the relationship between adherence to ACE-I/ARB and risk
of subsequent AMIs, by using the self-controlled case-series design which virtually eliminates interpersonal confound-
ing, being based on intrapersonal comparisons.
Methods
and results
We linked data from three longitudinal registries containing information about hospitalizations, drug prescriptions, and
vital status of all residents in an Italian region. From 30 089 patients hospitalized for AMI in the years 2009–11, we en-
rolled the 978 with non-fatal re-AMIs at Days 31–365 after discharge, receiving at least one ACE-I/ARB prescription
collected at any of the regional pharmacies. Using information on prescriptions, each individual’s observation time was
then divided into periods exposed or unexposed to ACE-I/ARB. The relative re-AMI incidence rate ratios (IRRs) of
ACE-I/ARB exposure were estimated by conditional Poisson regression. During drug-covered periods, the risk of
AMI recurrence was 20% lower, i.e. the IRR (rate of recurrent AMI in exposed versus unexposed periods) was
0.79 (95% CI 0.66–0.96, P ¼ 0.001). The benefit of ACE-I/ARB was confirmed also by sensitivity analyses considering
only first recurrences, excluding cases with AMI within previous 3 years, or with long, not AMI, hospital re-admission.
Conclusions Poor adherence to ACE-I/ARB prescription medication was associated with a 20% increased risk of recurrent AMI. This
was consistent with previous research, but the SCSS study design, even if not randomized, eased previous concerns
about healthy-adherer bias.
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Introduction
Patients discharged from hospital after acute myocardial infarction
(AMI) are usually prescribed numerous medications intended for
life-long use, including angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers (ACE-I/ARB). The evidence
underlying the benefit of these medications is robust.1 However, ad-
herence to prescribing medications is a recognized problem2,3 and
showing that poor adherence is associated with worse outcomes
may help to underpin the ongoing efforts to improve medication
adherence.4 In general, most studies demonstrated the value of ad-
herence to cardiovascular drugs after AMI; however, at the same
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time, they were limited by their non-randomized design and pos-
sible bias due to confounded interpersonal comparisons (i.e.
healthy-adherer effect).5,6
A study design that allows enhanced control over confounding
arising from variables that are constant within an individual, such
as the ‘healthy-adherer effect’, is the self-controlled case-series
(SCCS).7 Self-controlled case-series and other case-only designs
are increasingly used in post-licensure pharmacoepidemiological
studies because each individual acts as his/her own control, elimin-
ating the possibility of interpersonal confounding.8,9
For these reasons, we decided to undertake an SCSS study to
investigate the effects of adherence to ACE-I/ARB in the secondary
prevention of AMI. The primary hypothesis is that, given the ex-
perimental evidence in favour of these drugs, poor adherence to
prescription is associated with increased AMI recurrence.
Methods
Setting and participants
The study was conducted in Emilia-Romagna, a wealthy Italian Region
with 4.5 million inhabitants and a surface of 22000 km2. The Region
has 61 hospitals admitting acute patients and 14 hospitals performing
interventional cardiology.
We initially selected all of the patients who were admitted in any of
the regional hospitals with a diagnosis of AMI in the four calendar years
2009–12. Subsequently, we included those who suffered from at least
another episode of AMI in the 365 days after the discharge from their
index AMI hospital admission. We excluded patients whose re-
infarction occurred within 30 days of discharge from the index AMI
hospital admission. This exclusion was made for two reasons. First, add-
itional percutaneous coronary interventions (PCIs) are sometimes
staged shortly after discharge and an admission for this reason could
have been classified as a new AMI episode. Second, the assessment of
exposure in the first weeks may be faulty because before discharge
patients are sometimes given a small supply of drugs that is not recorded
by the hospital pharmacy (see below for the description of exposure
assessment). We then excluded patients who died of cardiovascular
causes during the observation period. The justification is explained in
the paragraph below on statistics. Finally, we considered only patients
with at least one prescription for ACE-I/ARB in the year after discharge.
According to our institutional rules, neither patient consent nor
ethics committee approval was necessary, given the observational,
retrospective design of the study and the anonymity of the databases
provided to the researchers.
Data sources, outcome, and exposure
assessment
We linked data at an individual level from three region-wide longitudinal
registries managed by the Emilia-Romagna Regional Health Agency. The
Hospital Discharge Registry contains the usual so-called administrative
information recorded in the charts of all the regional hospitals. The Pre-
scription Drug Registry collects information on dates, dosage, and quan-
tities for every prescription dispensed within the regional boundaries,
from both hospital and community pharmacies. The Demographic
Registry holds information on age, sex, date of birth, place of residence,
and vital status of all residents in Emilia-Romagna. A unique patient
identifier allowed cross-linking between the databases.
Through the Hospital Discharge Registry we identified the initial
study population, i.e. all individuals with an episode of hospital admission
with an ICD-9-CM code 410.x1 in any position. The same definition was
used for the other MI episodes. From this registry, we also collected the
other clinical information (e.g. demographics, dates of events, etc.).
Using the Prescription Drug Registry, we identified for each par-
ticipant all the prescriptions for ACE-I/ARB—anatomical-therapeutic-
chemical-classification system (ATC) Class C09—collected at any of
the regional pharmacies for 1 year after discharge from the index AMI
episode. We then computed the number of days covered by ACE-I/
ARB prescriptions as the total number of defined daily doses (DDDs)
prescribed to each individual. The DDD is a technical unit of measure-
ment, used by the World Health Organization, which reflects the aver-
age adult dose used for the main indication as reflected by the ATC code
dispensed packs. If a patient refilled a prescription early, the number of
days covered was still calculated according to the DDD of the previous
prescription, allowing for stockpiling.
Each individual’s observation time was then divided into exposed or
unexposed periods according to the above information. ACE-I/ARB
are short-acting drugs and they do not accumulate; therefore, we felt
it appropriate not to account for wash-out or intermediate-risk periods.
Prescriptions filled for concomitant cardiovascular therapy,
b-blockers (ATC class C07), statins (ATC class C10AA), acetylsalicilic
acid, ticlopidine, and clopidogrel (B01AC04, B01AC05, and B01AC06)
were evaluated at any time from 1 month to 12 months after hospital
discharge.
We used the Demographic Registry to record any deaths occurring
during the observation period and their causes. A death was defined as
being of cardiovascular origin if any of the following codes were re-
corded: ICD9-CM 410-414, 425-438, 798-799; ICD10 I20-I25, I39-I52,
I60-I69, and R96-R99.
Comorbidities were ascertained by means of ICD9-CM codes from
co-diagnosis at discharge within 5 years before the index AMI episode.
Statistical analyses
The SCSS method relies on intrapersonal comparisons in a population
of individuals who have both the outcome and exposure of interest. The
rate of events during exposed periods of time is compared with the rate
during unexposed time periods. This method removes the potential
confounding effect of characteristics that vary between individuals,
such as unmeasured risk factors for cardiovascular disease.
We compared the incidence of AMI in the time periods covered and
not covered by medication during Days 31–365 (or earlier in the case
of death) following discharge from the index AMI hospital admission.
Figure 1 provides a graphics display of the study design. We estimated
the relative incidence rate ratios (IRRs) using conditional Poisson regres-
sion with Stata software, version 13 (Stata Corp, College Station, TX,
USA). Incidence rate ratios compare the rate of events during exposed
periods of time with the rate during all other observed time periods.
Because the SCSS method samples only cases, the estimation is within
individuals, wherefore a conditional Poisson model is required and the
method can produce estimates of relative incidence only, rather than
absolute incidence. It is then inappropriate to simply juxtapose the
number of events with the total sum of individuals’ person-time, like
in the cohort design.
Although the observation period was relatively short, we preferred
to adjust for possible intrapersonal time-trends of both adherence
(e.g. decreasing with time10) and re-infarction risk (e.g. increasing with
time/age) by dividing the observation period in two semesters and
adding this term to the model.
The SCSS method and its underlying Poisson distribution require
some assumptions about the distribution of events. The most important
is that the occurrence of an event (i.e. the outcome) must not alter the
probability of subsequent exposure. The most extreme setting in which
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this assumption fails is when the event of interest is death, because
individuals cannot be exposed after death. In other words, observation
periods of individuals should end independently of the timing of the
outcome. If the outcome increases the short-term risk of death, as in
the case of AMI, this assumption is violated. One possibility would be
to use a recently developed extension of the method.11 However,
this proved impractical for our data because of the many crossovers
(i.e. time intervals with different exposure status) occurring during the
observation period. We decided to overcome the problem by excluding
all cases in which patients died due to cardiovascular causes during the
observation period, because their outcome-censored follow-up could
have biased the estimates. The same strategy has been adopted
elsewhere.12
A less extreme violation of the main assumption could also occur if
the first occurrence of the outcome had any influence on subsequent
exposure. Clearly, this could be the case in our study, as patients might
improve their adherence after the warning of an AMI recurrence. To
evaluate whether the occurrence of a re-infarction had any influence
on the patients’ compliance with medication prescription, we measured
the proportion of exposed and unexposed days in the observation per-
iod before and after the first re-infarction. We then compared these
proportions with the Wilcoxon signed rank test. If the proportions
were significantly different, we attempted to quantify the resulting
bias through a sensitivity analysis that considered only first events
(i.e. only the first AMI recurrence).
Finally, we conducted two more sensitivity analyses:
(i) During hospital admissions, patients may receive medications that
go undetected by the Prescription Drug Registry. To verify the
possible effects on our exposure assessment, we excluded all in-
dividuals who had been hospitalized for .5 days (except the AMI
admissions) during the observation period.
(ii) We excluded those who had suffered from a previous AMI in
the 3 years before their index AMI in order to analyse the effect
of exposure in as many patients as possible with first AMI
occurrence.
Results
The flow diagram of the study population is shown in Figure 2.
We identified 978 patients satisfying the eligibility criteria
who underwent hospitalization for non-fatal re-AMI between
January 2009 and December 2012 in the Emilia-Romagna region
of Italy.
The characteristics of the study population are shown in Table 1.
The median age was 78 years and males were predominant (64%).
Non ST-elevation myocardial infarction was the most frequent form
of re-AMI (648 patients, 66.3%). Six hundred and twenty-eight
(64.2%) patients underwent in-hospital myocardial revascularization
(PCI/coronary artery bypass). About 40% of the patients were
diabetic.
As reported in Table 2, the majority of individuals (88%) ex-
perienced only one re-AMI during the observation period, while
the maximum number of re-AMI episodes was 4. The non-
cardiovascular mortality during the study period was 7.2%. The
overall adherence, in terms of mean percentage of exposed days
during the observation period, was 75.5%. Table 3 shows the study
population 1-year post-discharge medication use for b-blockers,
statins, and antiplatelet agents.
As reported in Table 4, there were, respectively, 754 and 262
events during exposed (i.e. with ACE-I/ARB coverage) and unex-
posed (i.e. without ACE-I/ARB coverage) periods. The relative
risk (IRR) was 0.79 (95% CI 0.66–0.96, P ¼ 0.01). As expected,
the percentages of exposed days after the first AMI recurrence
was significantly higher (80.0 vs. 70.1%, p of the Wilcoxon signed
rank test ,0.01). However, when only first events were considered,
the relative risk (IRR) was similar: 0.71 (95% CI 0.59–0.87, P ,
0.01). Of note, after exclusion of patients with long (.5 days)
hospitalization, the benefits of ACE-I/ARB were more significant:
IRR 0.38 (95% CI 0.25–0.58, P , 0.01).
Figure 1 Pictorial representation of study design. The hypothetical patient of this figure would contribute to the confirmation of the benefits
of the ACE-I/ARB therapy because he experienced the acute myocardial infarction recurrences while not covered by medication. For further
mathematical details on the computation of the incidence rate ratio see Ref.7 AMI, acute myocardial infarction; ACE-I/ARB, agents acting on
the renin–angiotensin system.
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The exclusion of the 50 cases with a previous MI during the
3 years before their index admission did not change the estimates:
IRR 0.79 (95% CI 0.65–0.96, P , 0.01).
Discussion
We found that poor adherence to ACE-I/ARB prescription medica-
tion after hospital discharge for AMI was associated with an
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 1 Clinical and demographic characteristics of
the study population
No. of cases 978
Age (years) median (interquartile range) 78 (69–84)
Gender: male, n (%) 632 (64.6)
Index AMI characteristics
NSTEMI, n (%) 648 (66.3)
Revascularization (PCI and/or CABG), n (%) 628 (64.2)
Recurrent AMIs characteristics
NSTEMI, n (%) 883 (79.4)
Revascularization (PCI and/or CABG), n (%) 792 (69.4)
Hypertension, n (%)a 403 (41.2)
Diabetes, n (%)a 380 (38.9)
Dyslipidemia, n (%)a 151 (15.4)
Atrial fibrillation/flutter, n (%)a 82 (8.4)
Valvular heart disease, n (%)a 56 (5.7)
Chronic obstructive pulmonary disease, n (%)a 176 (18.0)
Cancer, n (%)a 88 (9.0)
Heart failure, n (%)a 150 (15.3)
Chronic renal disease, n (%)a 100 (10.2)
Peripheral arterial disease, n (%)a 112 (11.5)
Cerebral vascular disease, n (%)a 160 (16.4)
NSTEMI, non-ST elevation myocardial infarction; PCI, percutaneuos coronary
intervention; CABG, coronary artery bypass graft revascularization.
aFive years before the index hospitalization.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 2 Non cardiovascular mortality, acute
myocardial infarction recurrence, and treatment
exposure of the study population
No. of patients 978
Non-cardiovascular mortalitya, n (%) 70 (7.2)
Patients with AMI recurrences during the





Length of observation period (days), mean+ SD 358+33
Exposed to ACE-I/ARB (drug coverage) 264+99
Unexposed to ACE-I/ARB (no drug coverage) 100+98
AMI, acute myocardial infarction; ACE-I, angiotensin-converting enzyme inhibitors;
ARB, angiotensin receptor blockers.
aPatients who died of cardiovascular causes were excluded; see Methods for details.
Figure 2 Flow diagram of study population. Acute myocardial infarction indicates acute myocardial infarction, ACE-I/ARB indicates agents acting
on the renin–angiotensin system.
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increased risk of recurrent AMI. During drug-covered periods, the
risk of AMI recurrence was about 20% lower.
Experimental evidence suggests that ACE-I/ARB reduce the
risk associated with atherosclerotic cardiovascular disease through
‘cardioprotective’ (benefits in overall cardiac haemodynamics, ener-
getics, electrical stability, and the reduction in left ventricular mass)
and ‘vasculoprotective’ effects (direct anti-proliferative effects, pos-
sible anti-atherogenic properties, and favourable effects on throm-
botic mechanisms and on arterial compliance and tone).13
ACE-I/ARB probably exert these protective effects by blocking
both circulating and tissue renin–angiotensin systems.
Evidence from randomized trials has shown that ACE-I reduce
mortality from AMI particularly in the presence of heart failure,
left ventricular systolic dysfunction (left ventricular ejection fraction
,40%), anterior location of the AMI, and abnormal wall motion
score index.14
In addition, in post-AMI patients with asymptomatic left ventricu-
lar dysfunction, long-term administration of captopril reduces re-
currence of AMI and the need for cardiac revascularization
independently of left ventricular ejection fraction, suggesting either
an anti-ischaemic effect or the ability of the angiotensin-converting
enzyme inhibitor to modify the atherosclerotic process in survivors
of AMI.15
Moreover, a reduction in the rates of mortality and vascular
events (myocardial infarction, myocardial revascularization, and
stroke) was observed with long-term use of an ACE-I (ramipril) in
moderate-risk patients with CAD, many of whom had preserved
LV function, as well as patients at high risk of developing CAD.16
Similar but smaller benefits were reported in patients with stable
coronary artery disease and long-term use of perindopril.17
In addition, valsartan was found to be as effective as captopril in
post-MI patients presenting with either heart failure or reduced left
ventricular systolic function.18
Due to this evidence, AMI international guidelines recommend
ACE/ARB treatment in acute and long-term phases of AMI in pa-
tients who tolerate this class of medications.14
However, the clinical impact in the real world of ACE-I/ARB is
less known, in part because of variations in drug adherence.6
Although it is known that adherence to evidence-based pharma-
cotherapy predicts better survival, no population outcome study
has attempted to differentiate whether these associations are attrib-
utable to the drug’s biological responsiveness (drug effect) or to the
adoption of healthier lifestyles that often accompanies adherent be-
haviours (healthy-adherer effect).7
The methodology adopted in this study—SCSS—virtually
eliminated the possibility that our finding was due to confounding
related to unaccounted individual characteristics—such as the
‘healthy-adherer effect’—unlike most previous literature on the
subject.19
To our knowledge, this study is the first one focusing on ACE-I/
ARB adherence in post-myocardial infarction patients adopting a
case-only design, which made it possible to overcome the limita-
tions of previous literature that used interpersonal comparisons.
As a consequence, the evidence on the benefit of adhering to pre-
scription medication after a common disease like AMI is reinforced.
The SCSS method cannot produce the same level of evidence as
the randomized design, however, like other within-person study-
designs, it offers improved control over confounding arising from
variables that are constant within an individual. However, it assumes
that events arise in a non-homogenous Poisson process, which in
turn requires some conditions, already described in Methods. We
made every effort to avoid possible bias resulting from failed
assumptions. We excluded cardiovascular fatalities and conducted
a sensitivity analysis that considered only first events. This came at
the cost of a reduced generalizability of our results because they
cannot apply to patients with fatal AMI recurrence. However, there
is little biological plausibility for a different effect of adherence to
ACE-I/ARB in this group of patients.
The assessment of exposure in this study was based on the col-
lection of medication prescriptions. The use of automated phar-
macy databases to assess the exposed time to drug therapy is well
established in pharmacoepidemiological research.20 However, it
Table 3 Drugs prescribed between 31 and 365 days
post-discharge (at least one prescription)
No. of patients 978
b-Blockers (ATC class C07), n (%) 911 (93.2)
Statins (ATC class C10AA), n (%) 867 (88.7)
ASA (ATC code B01AC06), n (%) 928 (94.9)
Ticlopidin, clopidogrel (ATC codes B01AC04,
B01AC05), n (%)
823 (84.2)
Antiplatelets (ATC codes B01AC04, B01AC05,
B01AC06), n (%)
963 (98.5)
ATC, anatomical-therapeutic-chemical-classification system; ASA, acetylsalicylic
acid.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Table 4 Results and sensitivity analyses
No. of events during
ACE-I/ARB treatment
No. of events during
ACE-I/ARB withdrawal
IRR (95% CI) P-value
Main analysis (n ¼ 978) 833 279 0.79 (0.66–0.96) 0.01
Only first events (n ¼ 978) 725 253 0.71 (0.59–0.87) ,0.01
Excluding cases with hospitalization .5 days (n ¼ 236) 187 59 0.38 (0.25–0.58) ,0.01
Excluding cases with AMI in previous 3 years (n ¼ 945) 744 272 0.79 (0.65–0.96) 0.01
ACE-I, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; IRR, incidence rate ratio; AMI, acute myocardial infarction; CI, confidence interval.
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may imply some inevitable inaccuracy, especially when coupled with
the SCCS methodology, which is highly sensitive to the definitions of
risk periods.7 First, the collection of a prescription at a pharmacy
does not imply its regular consumption. Some patients were prob-
ably not taking their prescribed ACE-I/ARB during periods we clas-
sified as exposed. This could have caused some bias towards
underestimation of the true effect estimate. Second, the DDD,
which we used to calculate the number of days covered by ACE-I/
ARB is a standard measure, while the actual dosage tailored by the
prescribing physician to the individual patient may have been
different. This could result in some degree of misclassification of
exposed time. The resulting bias would probably be non-differential
or towards null, as it would go in opposite directions depending on
whether the dosage is higher or lower than DDD.
Finally, small variations in the timing of refills may exist that may be
unrelated to adherence. If, during a hospitalization, a patient receives
some unrecorded drug supply, some misclassification of exposure is
likely to occur, possibly extending to the adjacent period. At the same
time, the risk of AMI is likely to change during or soon after hospital-
ization (e.g. surgery is a known risk factor), causing bias of unpredict-
able characteristics. We addressed this potential source of bias with
a sensitivity analysis that excluded all the patients hospitalized for
longer than 5 days. The results of this analysis are reassuring, because
the effect estimates were even higher.
Another potential limitation of our study is that we estimated the
effect of adherence to ACE-I/ARB only. We cannot exclude the pos-
sibility that in periods of non-adherence to ACE-I/ARB, patients
were also unexposed to other drugs usually recommended for
the secondary prevention of AMI. In this case our risk estimates
would be overestimated for specific ACE-I/ARB medication and
should be ascribed to some extent to a wider combination of drugs.
However, the relative-risk reductions brought about by single drugs
are not just additional; for example, a recent study showed that the
risk reductions for major cardiovascular events after AMI were 19,
25 and 24% for, respectively, statins, b-blockers, and ACE-inhibitors,
but only 36% for the combination of all three.21
Similarly, other intrapersonal co-variance of medication adher-
ence with adherence to other risk reducing health behaviours
(e.g. physical activity, and smoking cessation) might have overesti-
mated the results. However, this potential bias should be minimized
by the presumably longer time required by the latter factors before
affecting the risk.
Conclusions
Our study reports that, within a quite large and homogeneous AMI
population, analysed with the self-controlled case-series mythology,
adherence to ACE-I/ARB therapy is associated with a significant
reduction in long-term AMI recurrence.
Conflict of interest: none declared.
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